ABSTRACT. Some adult eusocial bees have a pair of cephalic salivary glands (CSG) in addition to the thoracic labial or salivary gland pairs. This paper deals with variations in morphological features and secretion production of the CSG of females and males of Apis mellifera Linnaeus, 1758 and Scaptotrigona postica Latreille, 1807. The following life stages were studied: newly emerged, nurse, and forager workers; newly emerged and egg-laying queens; and newly emerged and sexually mature males. The histological results showed that the CSG differs between the two species in the following features: while alveoli and duct cells are cuboidal in workers and queens of A. mellifera, they change from cuboidal to flat in S. postica as the workers age. The glands of newly emerged males and females of A. mellifera are similar.
Apinae contain eusocial bees such as Apis mellifera Linnaeus, 1758 and Scaptotrigona postica Latreille, 1807. Adult bees have one pair of salivary or labial glands in the thorax. Apinae bee species have an additional, cephalic salivary gland pair. Thoracic and cephalic salivary glands release a secretion in the tongue proboscis through a common excretory duct (SNODGRASS 1956 , CRUZ-LANDIM 1967 . Both pairs of glands develop during the pupal phase from evaginations of the excretory duct of the larval salivary glands (SNODGRASS 1956 , CRUZ-LANDIM & MELLO 1967 .
Although thoracic and cephalic salivary glands have a common origin, they have different morphologies and secrete different substances. Species of Bombus Latreille, 1802 and Meliponinae have a salivary pouch or reservoir where the thoracic and cephalic ducts meet to form the common excretory duct. This pouch is absent in A. mellifera (CRUZ-LANDIM 1967) . According to SIMPSON (1960) , SIMPSON et al. (1968) and DELAGE-DARCHEN, et al. (1979) the secretion of the thoracic gland is aqueous and contains digestive enzymes, whereas the cephalic gland produces an oily secretion that helps with wax manipulation (HESELHAUS 1922) , lubrication of the mouthparths (SIMPSON 1960) and scent trail demarcation (JARAU et al. 2004 , SCHORCOPF et al. 2007 .
The final degree of development of the cephalic salivary gland differs between the sexes and also among bee species.
For example, A. mellifera workers and queens have well-developed glands that stand in contrast with the vestigial or absent cephalic gland of males (KRATKY 1931 , SIMPSON 1962 , GRAF 1968 . In species of Bombus, on the other hand, the cephalic salivary gland is more developed in males (KULLENBERG et al. 1973 , LAUER 1992 , BERGMAN & BERGSTRÖM 1997 .
Few studies have been conducted on the morphology and function of the cephalic salivary gland, and most of the existing contributions have not focused on how changes in gland development relate with functional changes in workers, queens and males. In an attempt to elucidate and compare the function of the cephalic salivary gland of A. mellifera and S. postica, this study analyzes the morphologic variations and secretion dynamics of this gland in females and males that perform distinct activities within the colony in these species.
MATERIAL AND METHODS
We analyzed newly emerged (young), nurses (middle-age) and forager (old) workers, virgin (young) and egg-laying (mature) queens of A. mellifera and S. postica. Additionally, we also included newly emerged and sexually mature males of A. mellifera in our samples.
For light microscopy visualization, the cephalic salivary glands (CSG) from workers and queens of both species and males of A. mellifera were dissected in buffered saline solution for insects and fixed in aqueous Bouin for two hours. Following this procedure, the pieces were dehydrated, embedded in Leica historesin and inblocked in the same resin in which catalyzer had been added. After resin polymerization, the blocks were cut into 4-6 µm slices, put in histological slides, and stained with hematoxylin-eosin (HE). For secretion characterization by Sudan black and Nilo's blue, glands of workers and queens at ages mentioned above of S. postica and A. mellifera were analyzed. The staining was conducted in total preparations: the glands were dissected in buffered saline solution for insects and put in histological slides covered with a film of poly-lysine to promote the glands adhesion to the slide. Subsequently they were fixed in 1% Ca formol and stained with the stains for lipids mentioned above. The preparations were mounted in glycerinated gelatine, examined and photographed.
RESULTS

Morphology
The CSG are of ectodermic origin, having the alveoli and lumen ducts covered with cuticle. The duct cuticle has spiral reinforcements that prevent the lumen from collapsing. Our analysis has shown that S. postica and A. mellifera share most of the general histological characteristics of the CSG.
Apis mellifera
The walls of the alveoli and ducts of the CSG of workers, queens and newly emerged males are constituted by an epithelium of cubic cells that have large nuclei (occupying most of the cytoplasm) with very conspicuous nucleoli (Figs 1-3) . The alveoli and lumen ducts are narrow in newly emerged workers and males (Figs 1 and 3) , becoming wider in forager workers ( Fig. 2) and egg-laying queens.
In sexually mature males, the CSG is much reduced and covered with fat body cells. The cells that form the alveoli are flat; even though some cells have conspicuous nucleoli, most cells do not, what is evidenced by their homogeneously stained nuclei (Fig. 4) .
Scaptotrigona postica
The alveolar cells of newly emerged and nurse workers and virgin queens are predominantly cubic. In this phase, there is little or no secretion in the lumen. The nuclei are basal and contain visible nucleoli (Fig. 5) . In forager workers and egglaying queens the alveolar cells are predominantly flat, with homogeneously staining nuclei and cytoplasm weakly stained by the hematoxylin and eosin. In the apical region, the cytoplasm appears acidophil (Fig. 6) .
In this species, the duct cells are invariably flat with small nuclei and sometimes visible nucleoli. The lumen is covered with cuticular spiral reinforcements (Fig. 5) . The salivary pouch is formed by flat cells. The cytoplasm of these flat cells stain strongly with eosin and contain nuclei that are very well structured (Fig. 6 ).
Secretion
The glandular cells of newly emerged workers of both species stain blue with Nile's blue (Fig. 7) and black with Sudan ( Fig. 8) . Nevertheless, the alveoli contain little or no secretion in the lumen, and are collapsed. Few secretions stain pink with Nile's blue in the ducts of S. postica (Fig. 7) . The limits between the gland cells of newly emerged workers of A. mellifera are possible to differentiate with Sudan Black stain (Fig. 8) .
In nurse workers and virgin queens of both species most of the alveolar cells accumulate secretion and some alveoli are turgid, with the secretion in the lumen stained pink with Nile's blue (Figs 9 and 10).
Forager workers and egg-laying queens of both species have turgid alveoli, full of secretion stained black with Sudan ( Fig. 11 ) and rose-reddish with Nile's blue (Fig. 12) . In glands stained with Nile's blue, the cell limits appear dark-blue and the cytoplasm appears red. In the central portion of the cell, a non-stained region reveals the position of the nucleus (Fig. 12 ).
DISCUSSION
The shape of the duct cells varies between species. Workers and queens of S. postica have flat cells in all age groups. By contrast, only sexually mature males of A. mellifera have flat cells; newly emerged workers, queens and males have cubic cells.The reinforcements avoid the collapse lumen duct (GRAF 1968) .
The salivary pouch of S. postica is formed by flat to cubic cells that have nuclei with evident nucleoli and acidophilic cytoplasm. The function of the pouch is unknown. According to CRUZ-LANDIM (1967) , it is a vestige of the flat, tapeworm-like common excretory duct of the salivary glands of bees that do not have a CSG.
Histological analyses of the CSG show that the morphology of the alveolar cells is generally uniform within and between species. The variation in cell shape displayed by S. postica, changing from cubic in newly emerged and nurse workers to flat in foragers, is due to a stretching of the alveolar epithelium to accommodate the secretions that accumulate in the lumen. A similar change in cell shape occurs in males of A. mellifera: the cells are cubic in the young and become flat as the bee ages. In the latter individuals, however, the alveoli lumen appears collapsed and the cell nuclei picnotic, and the change in shape is attributed to cellular degeneration. Flat alveolar cells are associated with low or absent gland activity, as in the case of forager workers of S. postica, or also occur in glands that are in a regressive process, as in the sexually mature males of A. mellifera. SALLES & CRUZ-LANDIM (1998) observed similar morphologic alterations in the CSG of Camargoia nordestina Moure, 1989: young workers had columnar alveolar cells and old workers, cubic or flat cells. The fact that the amount of secretion accumulated in the alveoli lumen increases with time suggests that it is stored for latter use. In workers, the use of accumulated secretions starts when intra-nidal activities are replaced with extra-nidal activities; in queens, it starts with the oviposition period.
The alveolar cells of the workers of S. postica go through more striking modifications than those of A. mellifera in the different phases of the bees' lives. Newly emerged workers present homogeneously stained cell nuclei that occupy most of the cytoplasm. This is typical of cells that are in differentiation process, not yet producing secretion, or producing small amounts of it.
CRUZ-LANDIM (1967) identified two different types of alveoli in the CSG of S. postica. One is formed by cells with large basal nuclei and basophilic cytoplasm, while the other is formed by more eosinophilic cells. The different alveoli types found by that author seem to correspond to the two forms found in the present study. However, we think that they correspond to different functional phases of the alveolus rather than two different kinds of alveoli. The alveoli with basophilic cytoplasm observed by CRUZ-LANDIM (1967) are found in the glands of nurse workers, whereas the alveoli with eosinophilic apical cells are found in glands of forager workers.
The CSG of middle aged Plebeia emerina Schwarz, 1938 workers (SANTOS et al. 2009 ) have alveoli with a wide lumen. In foragers, the lumen is reduced. This contrasts with our findings for S. postica and A. mellifera. Plebeia emerina middle aged workers use their jaws to macerate small balls of propolis that are dispersed through the colony. SANTOS et al. (2009) suggested that secretion from the CSG is mixed with the propolis during maceration, and that it helps to maintain propolis viscosity. Propolis ball maceration was not observed in S. postica and A. mellifera workers. Nevertheless, it is possible that the CSG secretion have a similar role in propolis collection and transportation to the colony, because larger stocks of secretion are present in the glands of foragers.
Most social interactions occur between workers and queens. Males have low activity levels inside A. mellifera colonies (FREE 1980) . This may explain the low development of the CSG in males, and a total degeneration of the gland in sexually mature individuals that are leaving the colony. The more active individuals, and those with dominant roles in the social hierarchy, have larger, more varied, more numerous and better developed glands. Because males have limited functions in the colony and few social interactions, their CSG glands are under-developed or absent.
Sudan Black stains any substance of a lipid nature black or greenish-gray. The Nile's blue sulfate is a mixture of three stains with different colors that dissolve differently according to lipid composition: neutral lipids stain pink, acid lipids and some other non lipid cell components stain blue (MELLO & VIDAL 1980) . The simultaneous use of the two stains in our study allowed us to characterize the secretion as consisting of neutral lipids. The neutral lipids are derivatives of fat acids, which originate from hydrocarbons (LEHNINGER et al. 2000) .
Some pheromones, as for example the one present in the queen's substance of A. mellifera, are composed by fat acids (BARBIER & LEDERER 1960 , CALLOW & JOHNSTON 1960 . Hydrocarbons are frequent components of bee gland secretion, as for example the Dufour gland of workers of both species A. mellifera (KATZAV-GOZANSKY et al. 1997) and Melipona bicolor Lepeletier, 1836 (ABDALLA et al. 2004 . They are also present in the cuticle and seem to have a "fingerprint" function (BLOMQUIST et al. 1998) . Furthermore, hydrocarbons are found in the hemolymph of bees. KULLEMBERG et al. (1973) and ARNOLD et al. (1996) detected these compounds in the CSG secretion. It is possible that at least some hydrocarbons are absorbed from the hemolymph through the open intercellular spaces of the alveolar epithelium seen in the ultrastructural sections (POIANI & CRUZ-LANDIM 2009), thus becoming part of the CSG secretion.
HESELHAUS (1922) suggested that the function of the CSG secretion is to soften the wax during nest construction. SIMPSON (1960) questioned this interpretation based on the argument that secretions of a similar consistency are produced by the glands of bees that do not build with wax. The latter proposed that the function of the CSG secretion is to lubricate the mouthparths. Nevertheless, bee glands present great plasticity among species, caste, and sexes, consistent with bees' behavioral plasticity. For this reason, the hypothesis that the CSG functions in wax manipulation in A. mellifera and S. postica workers cannot be discarded based on the argument that the queens and males of these species have active glands that exude a secretion of similar properties but nonetheless do not work with wax. The probable function of the secretion in P. emerina (SANTOS et al. 2009 ), for example, is an example of the plasticity of the CSG gland. Furthermore, substances other than wax can be more easily manipulated with the help of the glands' secretion. Forager bees collect several materials from plants, some of which are insoluble in water (latex, resins and fragrances; ARMBRUSTER & WEBSTER 1979 , ROUBIK 1992 , SCHMIDT 1997 and soluble in oil (SANTOS et al. 2009) , and the CSG secretion could potentially assist in the collection and manipulation of these substances. In this sense, several functions may be thought possible for the CSG secretion.
Apis mellifera and Scaptotrigona bipunctata workers discriminate between nestmates and non-nestmates workers. Nestmate recognition is possible, at least in part, due to cuticular hydrocarbons (MORITZ & HILLESHEIM 1990 , PAGE et al. 1991 , JUNGNICKEL et al. 2004 . When introduced into a foreign colony, newly emerged workers of A. mellifera are not rejected, whereas middle aged and forager workers are. ARNOLD et al. (1996) showed that some hydrocarbons detected in the CSG of A. mellifera are also found in the epicuticle. Knowing that hydrocarbons on the outer body surface get worn out during flight (BAGNÈRES & MORGAN 1990) , we hypothesize that forager workers spread the CSG secretion over their bodies (with the help of their legs) in order to replace lost cuticular hydrocarbons. This behavior would ensure that forager workers are recognized when they return to their colonies. Fragrances associated with nectar and opening flowers are attractive for forager bees. A fraction of the volatile compounds that constitute the floral scent can dissolve in the cuticular waxes and become incorporated into the body surface, helping bees to learn and discriminate among several flower species (MASSON 1982 , PHAN-DELEGUE et al. 1986 ). The floral fragrances contain more than a hundred compounds including hydrocarbons (WILLIAMS & WHITTEN 1983 , PAHN-DELEGUE et al. 1986 . If the secretion produced by the CSG is dispersed on the bee's body surface and if the hydrocarbons contained in this secretion are able to absorb floral fragrances, it can be hypothesized that gland's secretion also functions in the establishment of the colony's identity, by enabling the acquisition of particular scents originated from food stocks. FREE (1980) attributes the particular scent of bees to the cuticular wax absorption of smells from colony food stocks.
Stingless bees adopt several systems of nestmate recruitment for foraging food (LINDAUER & KERR 1960 , ESCH 1967 . The recruits of S. postica follow a scent trail deposited by the recruiting bees (LINDAUER & KERR 1960) . Despite the fact that mandibular glands are considered the most probable head gland source of trail pheromones, JARAU et al. (2004) and SCHORKOPF et al. (2007) demonstrated that, in Trigona recursa Jurine, 1807 and T. spinipes, respectively, the pheromones used to build the scent trail come from the CSG. Therefore, is possible that the secretion of the CSG is an additional source of pheromones and is consequently involved in food source communication in S. postica.
In spite of the fact that the CSG of A. mellifera and S. postica present some differential histological features, gland secretion has similar physical properties, and gland developmental cycle follows a similar pattern in both species, being best developed in the foragers. These results raise questions that can be investigated under several apprises, such as the possible role of the CSG in food source communication, nestmate recognition, and identification of the "queen status" in intra-caste interactions. On the other hand, the deterioration of the CSG gland in sexually mature males of A. mellifera is an indication that its secretions are no longer necessary in this phase.
